The goal of this study was to determine whether injury, level of surgeon training, and patient factors are associated with increased use of fluoroscopy during open reduction and internal fixation of ankle fractures. These relationships are not well defined. The study was a retrospective chart review of patients treated at an academic institution with primary open reduction and internal fixation of an ankle. Patient demographics, including sex, age, and body mass index, were collected, as was surgeon year of training (residency and fellowship). Image acquisition data included total number of images, total imaging time, and cumulative dose. Ankle fractures were classified according to the Weber and Lauge-Hansen classifications and the number of fixation points. Bivariate analysis and multiple regression models were used to predict increasing fluoroscopic image acquisition. Alpha was set at 0.05. Of 158 patients identified, 58 were excluded. After bivariate analysis, fracture complexity and year of training showed a significant correlation with increasing image acquisition. After multiple regression analysis, fracture complexity and year of training remained clinically significant and were independent predictors of increased image acquisition. Increasing fracture complexity resulted in 20 additional images, 16 additional seconds, and an increase in radiation of 0.7 mGy. Increasing year of training resulted in an additional 6 images and an increase of 0.35 mGy in cumulative dose. The findings suggest that protocols to educate trainee surgeons in minimizing the use of fluoroscopy would be beneficial at all levels of training and should target multiple fracture patterns. [Orthopedics. 2015; 38(10):e864-e868.] The authors are from the
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ncreased use of intraoperative fluoroscopy exposes orthopedic surgeons and operating room personnel to significant amounts of radiation. 1, 2 Techniques that minimize the use of fluoroscopy and therefore reduce intraoperative radiation doses would benefit patients, operating room staff, and surgeons. A number of investigators examined technical considerations that result in increased radiation exposure associated with intraoperative fluoroscopy, such as positioning of the radiography beam. [2] [3] [4] [5] [6] [7] Patient-, injury-, and surgeon-specific factors related to increased acquisition of fluoroscopic images in common orthopedic procedures are less well defined. [8] [9] [10] [11] The goal of this study was to determine the injury, level of surgeon training, and patient factors associated with the use of fluoroscopy during operative fixation of ankle fractures. The authors hypothesized that there is significant variability in the use of fluoroscopic image acquisition during open reduction and internal fixation (ORIF) of ankle fractures that is independent of fracture complexity.
Materials and Methods
After institutional review board approval was obtained, a retrospective review of electronic medical records at a single academic institution was conducted to identify patients treated with primary ORIF of an ankle fracture from January 2012 to August 2012. Exclusion criteria included incomplete medical records, revision procedures, and multiple extremity fractures requiring ORIF during the index ankle procedure. Data collected included patient sex, age, and body mass index as well as the year of training of the participating resident surgeon. Years in training included postgraduate years 2 through 5 as well as foot and ankle fellowship training that was designated as postgraduate year 6. Fluoroscopy data included the total number of images obtained, total imaging time in seconds, and cumulative dose. Ankle fractures were classified by one of the authors (D.Y.H.) according to the Weber classification, 12 the Lauge-Hansen classification, 13 and the number of fixation points. Fixation points were defined as lateral malleolus fixation, medial malleolus fixation, posterior malleolus fixation, and/or syndesmosis fixation. Bivariate analysis was performed to determine the associations between the number of images obtained, total fluoroscopy time, and cumulative fluoroscopic dose with patient variables (sex, age, and body mass index), fracture complexity (using the Weber and Lauge-Hansen classifications and the number of fixation points), and resident level of training. Multiple regression models were built to predict increasing acquisition of fluoroscopic images. All of the tests were 2-sided, with alpha of 0.05, and were performed with SAS version 9.3 software (SAS Institute Inc, Cary, North Carolina).
results
A total of 158 patients were identified through the authors' electronic medical records as having undergone ORIF for an ankle fracture during the 8-month study period. Of these patients, 58 were excluded: 35 had incomplete records, 10 had multiple fractures requiring ORIF, and 13 had pilon fractures of the distal tibia. Of the remaining patients, 61 were men and 39 were women. Average age was 41. No statistically significant correlation was found between patient sex or age with respect to any image acquisition parameter (number of images, total fluoroscopic time, or cumulative dose). There was a trend toward increased number of images, total time, and cumulative dose for increasing body mass index; however, it did not reach significance on bivariate analysis ( Table 1) .
In the assessment of fracture classification and number of fixation points, there was a trend toward an increased number of images, total time, and cumulative dose when fractures were classified according to the Weber classification, although the difference was not significant. No significant association was found between image acquisitions based on the Lauge-Hansen classification, with the exception of cumulative dose. Pronation abduction ankle fractures were associated with increased cumulative dose (P=.013). A significant association was found between fracture complexity when assessed according to increasing number of fixation points for all 3 image acquisition data points: number of images obtained (P<.0001), total time (P<.0001), and cumulative dose (P=.0015). Finally, a significant association was found with increased image acquisition with regard to resident year of training for number of images obtained (P=.0053) and total image time (P=.002), but not for cumulative dose (P=.1264) ( Table 2) .
Multivariate analysis and multiple regression models were constructed to predict increasing fluoroscopic image acquisition. Fracture complexity remained clinically significant after adjustment for multiple variables for number of images (P<.0001), total time (P=.0002), and cumulative dose (P=.0005) (Figures 1-3) . Increasing fracture complexity, as assessed by increasing number of fixation points, resulted in an average of 20 additional images, 16 additional seconds of total time, and an increase in cumulative dose of 0.7 mGy. Similarly, resident year of training, after adjustment for multiple variables, was predictive of increased image acquisition. Increasing resident year of training resulted in an additional 6 images for each year (P=.03) and an increase in cumulative dose of 0.35 mGy (P=.005) (Figures 4-5) . Although a trend toward increasing total time for increasing resident year of training was noted, the correlation did not reach clinical significance ( Figure  6 ). Because previous studies examined only Weber B fractures, the authors performed a subgroup analysis of Weber B
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discussion
Ankle fractures are prevalent orthopedic injuries that occur in all age groups. When they require surgical intervention, the use of intraoperative fluoroscopy is common and exposes patients, operating room staff, and surgeons to radiation. With increasing awareness of the potential harmful effects of ionizing radiation, identification of risk factors that decrease radiation exposure during these procedures would be valuable.
Studies have shown that surgical year of training significantly affects the amount of radiation used during orthopedic procedures. [3] [4] [5] [6] 14, 15 Botchu and Ravikumar 9 in the United Kingdom examined the average screening time and dose area product for Weber B ankle fractures requiring ORIF of the distal fibula based on surgical experience, defined as less than 3 years, 3 to 6 years, and greater than 6 years. Their study did not show a statistically significant association between years of experience and screening time or dose area product. However, in another study analyzing trainees in the United Kingdom and operative treatment of Weber B ankle fractures with ORIF of only the distal fibula, Kheiran et al 10 found decreasing radiation dose with increasing surgeon experience when examining consultants, senior residents with more than 3 years of training, and junior residents with less than 3 years of training. No studies of US residents have examined factors associated with increased image acquisition in ankle fractures of varying complexity.
The current study showed that fracture complexity and resident level of training were significantly associated with increased image acquisition. Although the Weber and Lauge-Hansen classifications were evaluated, the authors assessed and defined fracture complexity according to the number of fixation points. Intuitively, an ankle fracture that requires fixation of the medial malleolus, lateral malleolus, and syndesmosis would be more complex than a fracture that requires only fixation of the distal fibula. In the current study, contrary to the findings of Kheiran et al, 10 later year of surgical training (including fellowship training) was associated with increased image acquisition. Because the studies by Kheiran et al 10 and Botchu and Ravikumar 9 included only Weber B ankle fractures, subgroup analysis was performed on the current authors' cohort of patients with Weber B ankle fractures that required only lateral malleolus fixation. 
e867
Copyright © SLACK inCorporAted n Feature Article A significant association between image acquisition and resident level of training was not seen when fixation was isolated to the lateral malleolus, and this finding is consistent with the findings of Botchu and Ravikumar. 9 This lack of association could be the result of the relatively small number of patients in the current study or the comparative simplicity of Weber B isolated lateral malleolus fractures.
Weber B ankle fractures often involve simple fracture patterns that can be directly visualized and therefore require less reliance on fluoroscopy for reduction and fixation. The current study was not restricted to Weber B fracture patterns, and the findings suggest that senior trainees may place greater reliance on fluoroscopy for the more complex, less frequently encountered fractures than would be expected, given their advanced level of training.
The study findings suggested that there are surgeon-specific factors that result in greater use of fluoroscopy and that increasing level of training may not decrease reliance on fluoroscopy for more complex fracture patterns. Therefore, improved resident education and dedicated imaging protocols at all levels of training may help to reduce intraoperative fluoroscopic image acquisition and subsequently decrease the potential radiation exposure of patients, operating room staff, and surgeons.
Limitations
This study had several limitations. First, because of its retrospective nature, the number of images obtained and cumulative imaging time and dose were used as surrogate markers of potential radiation exposure as opposed to direct measurement of radiation exposure with a dosimeter. However, the number of images and cumulative imaging time were parameters that were both accurately and consistently documented in all cases reviewed, and these values could be easily monitored during surgery with a protocol that helps clinicians to decrease fluoroscopy use. Although cumulative dose is recorded for all fluoroscopic procedures at the authors' institution, the authors could not retrospectively standardize the manner of image acquisition, and this lack of standardization may affect the reliability of comparing cumulative dose in multiple procedures. Second, this study represents the clinical procedures and experience at a single teaching institution. Clinical procedures and experience may differ at different academic centers.
conclusion
This study was the first to examine patient and surgeon factors that potentially affect the acquisition of intraoperative fluoroscopic images during ORIF of ankle fractures of varying complexity. Although patient characteristics were not associated with increasing use of fluoroscopy, resident year of training and fracture complexity showed statistically significant correlations with increasing fluoroscopic image acquisition. After adjustment for multiple variables, resident year of training and fracture complexity were independent predictors of increasing image acquisition. Increasing resident year of training, however, was not predictive of decreasing use of fluoroscopy for more complex fractures, as might be expected. These findings suggest that protocols to educate residents in minimizing the use of fluoroscopy should not be restricted to junior trainees and simple fracture patterns. These protocols would be beneficial at all levels of training and with multiple fracture patterns to improve the effective and safe use of intraoperative fluoroscopy.
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